This study was undertaken to evaluate the relative contribution of insulin, proinsulin-like components (PLC) and C-peptide toward plasma levels of immunoreactive insulin (IRI) and C-peptide immunoreactivity (CPR) in the pig and to elucidate the mode of secretion of PLC in the early phase of insulin release.
Subsequent to the first identification of proinsulin, a biosynthetic precursor of insulin, in the human islet tumor (Steiner and Oyer, 1967) , it was isolated from the crystal of bovine (Steiner et al., 1968) , porcine (Chance et al., 1968) and human insulin (Rubenstein and Steiner, 1970) . Proinsulin is synthetized in pancreatic beta cells and cleaved by proteolytic mechanism to yield insulin and proinsulin C-peptide (C-peptide) . There are evidences that C-peptide and proinsulin like components (PLC) are observed in peripheral blood in the fasted state and during oral glucose loads in humans (Melani et al., 1970a) and cattles (Rubenstein et al., 1969) . In addition, Stoll and co-workers (1970) reported that the substances immunologically related to proinsulin were secreted from pancreas into blood circulation after intravenous administration of glucose, glucagon or tolbutamide into pigs. However, they did not evaluate the relative contribution of PLC and C-peptide to these substances in the pig.
In order to elucidate the secretory responses of each of insulin, PLC and Cpeptide following the injection of glucose or glucagon into pigs, this study was undertaken utilizing combinations of techniques of extraction, gel filtration and immunoassays.
The following materials were used for assay standard and for preparation of the labeled hormone. Crystalline porcine insulin (proinsulin free, PJ 5589) was a gift of Dr. W. N. Shaw of Lilly Laboratories (Indianapolis, Ind., U.S.A.). The synthetic 62 formyl lysine porcine proinsulin (sequences 31-63) was a gift of Prof. N. Yanaihara of Shizuoka College of Pharmacy (Shizuoka, Japan). Porcine proinsulin was isolated from crystalline insulin in our laboratory (Horino et al., 1972) . Na125I was obtained from New England Nuclear (Boston, Mass., U.S.A.) and iodination was performed according to the reported method (Greenwood et al., 1963) .
Porcine glucagon (pancreatic) was obtained from Novo Industry A/D (Copenhagen, Denmark).
BioGel P-30 was purchased from Bio-rad Laboratories (Richmond, Calif., U.S.A.). Hormone assay Plasma level of immunoreactive insulin (IRI), consisted of insulin and PLC, was determined by the double antibody method (Morgan and Lazarow, 1963) with porcine insulin standard.
A radioimmunoassay for C-peptide immunoreactivity (CPR), consisted of C-peptide and PLC, was performed by the method previously reported from this laboratory (Horino et al., 1973) ; the antiserum to porcine proinsulin used in this study was prepared in a guinea pig and the removal of crossreacting insulin antibodies was carried out by addition of excess porcine insulin. Control study After the injection of physiological saline in place of glucose or glucagon, the concentration of blood glucose did not change and the plasma levels of IRI and CPR remained undetectable.
PLC, insulin and C-peptide after gel filtration of extracts Porcine proinsulin, C-peptide and insulin were subjected to the Bio-Gel column for calibration of the column and the gel filtration profiles of these peptides were illustrated in Figure 1 , after the measurement of their PLC, C-peptide and insulin concentrations. The maximum level of porcine proinsulin was observed at tube number 42 by the both immunoassays (upper panels of Figure 1 ). A high peak of CPR at tube number 52 on the middle left panel of Figure 1 revealed the added C-peptide but a high peak of IRI was not observed on In the left panels, PLC and C-peptide as measured by the specific radioimmunoassay against proinsulin and C-peptide standard were shown, respectively. In the right panels, PLC and insulin as measured by the specific radioimmunoassay against insulin standard were shown. Fig. 2 . Calculated plasma concentrations of insulin, C-peptide and PLC after, the gel filtration of acid alcohol extracts of plasma following the injection of glucose (0.75g/kg of body weight) into 2 pigs. In the upper panel, insulin (-) and PLC (----) were determined by the radioimmunoassay of IRI as standard of porcine insulin.
In the lower panel, C-peptide (-) and PLC (----) were determined by the radioimmunoassay of CPR as standard of synthetic porcine C-peptide and proinsulin, respectively. concentration of insulin increased concomitantly with secretion of C-peptide at 10min after the intravenous glucose injection and returned to the basal level within 60min. The concentration of C-peptide reached its peak level at 10min and then decreased gradually after the glucose injection. The concomitant rise in PLC with insulin and C-peptide was observed during 30min following the glucose injection but its response was not as remarkable as that of insulin C-peptide and PLC after the gel filtration of acid alcohol extracts of plasma following the injection of glucagon (1mg) into 2 pigs. In the upper panel, insulin (-) and PLC (----) were determined by the radioimmunoassay of IRI as standard of porcine insulin.
In the lower panel, C-peptide (-) and PLC (----) were determined by the radioimmunoassay of CPR as standard of synthetic porcine C-peptide and PLC, respectively. Endocrinol. Japon. December 1975 and C-peptide. In a pig (Pig A), the concentration of PLC at 30min was slightly higher than that of PLC at 10min.
In 2 cases (Pig F and G), the secretory responses of insulin, C-peptide and PLC to glucagon injection were shown in Figure 3 . In the acute phase, glucagon elicited the rapid secretion of insulin and C-peptide. The peak levels of PLC were observed at 5 and 15min but the elevation of PLC was small. Subsequently, the concentration of insulin, C-peptide and PLC decreased and returned to the basal level within 30min and did not change thereafter.
Discussion
With regard to substances immunologically related to proinsulin and C-peptide in the unextracted plasma, its value as determined by the radioimmunoassay with antiserum against C-peptide and C-peptide standard has given the term "CPR" (Block et al., 1972) . However, just prior to Block and co-worker's report, the value of these substances in unextracted plasma of pig was arbitrarily expressed as "proinsulin equivalents" as determined by immunoassay utilizing "insulin coated" proinsulin antibody against the proinsulin standard (Stoll et al., 1970) . According to Stoll and co-worker's report (1970) , they did not demonstrate the responses of PLC, insulin and C-peptide separately after intravenous administration of glucose, glucagon or tolbutamide.
It was clarified in this study that C-peptide and PLC circulated with insulin in the peripheral blood of pig. As mentioned in the previous section, the results from gel state revealed that the small amounts of insulin and C-peptide and the very small amount of PLC were contained. Futhermore, the rise in IRI and CPR ("proinsulin equivalents") following the injection of glucose or glucagon was accounted for most part of insulin and C-peptide, respectively. The results in this study are in agreement with those of Melani and co-worker's study using humans (1970b) and those of Rubenstein and co-worker's study using cattles (1969) . Therefore, the values of CPR and IRI in unextracted plasma of pig should be represented mostly C-peptide and insulin, respectively. In fact, the plasma level of CPR was essentially paralleled to that of C-peptide which was assayed after the gel was also paralleled to that of insulin in pigs (Pig A, B, F and G) . In addition, the concentration of PLC increased only slightly in the early phase of insulin release after the injection of glucose or glucagon. The slight elevation of PLC in the early phase of the experiment indicated that PLC was elicited into circulation concomitantly with the secretion of insulin and C-peptide under condition such as the stimulation of insulin secretion. However, the plasma levels of PLC were attained to the maximum levels at later times, in comparison with those of insulin and C-peptide.
This appearance may be explained by the differences in their metabolic lives. From recent reports (Oyama et al., 1974; Munemura et al., 1974; Stoll et al., 1971; Starr et al., 1974) , it was suggested that the half life of proinsulin was the longest and that the half life of insulin was the shortest among the three peptides, although some differences in each report must be pointed out with regard to immunological half life; that is, according to our results, immunological half life of porcine insulin was 8.18min and that of porcine C-peptide was 10min in the pig (Oyama et al., 1974) . It was reported by the other that the half disappearance time of insulin was 3 to 4min and that the half disappearance time of C-peptide was 10.5 and 16.5min after injection of insulin and synthetic human C-peptide into two normal men (Munemura et al., 1974) . The immunological half life of porcine insulin and INSULIN, C-PEPTIDE AND PLC IN PIGS proinsulin in swine was reported as 6 and 20min, respectively (Stoll et al., 1971) . The half disappearance time of endogenous insulin in human was 4.15min and that of proinsulin was 17.8min (Starr et al., 1974) . By the data from Stoll and co-worker's study (1970) , the modes of releases of "proinsulin equivalents" and IRI were similar after intravenous injection of 0.5g glucose/ kg of body weight or 1mg glucagon. The present findings concerning plasma levels of IRI and CPR after the glucagon injection are consistent with the data given by Stoll and co-worker's study (1970) . On the other hand, unlike results given by Stoll and co-worker (1970) , the maximum level of IRI was observed at an earlier time than that of CPR after the injection of glucose (0.75g/kg) in this experiment.
This discrepancy may be explained mostly by the difference in the metabolic clearance rate of insulin and C-peptide and in addition by the differences in the dose of glucose with insulinogenic activity. However, the maximum levels of IRI and CPR were observed at the same time in the early phase after the glucagon injection under the described conditions, because the insulinogenic activity of glucagon in the fasted pig was weaker in comparison with glucose.
It was reported (Block et al., 1972 ) that all the plasma concentrations of CPR on the molar basis were higher than those of IRI before and after oral glucose loads in humans. The same results on ratio of CPR to IRI were observed throughout experiment using pigs. Although this observation may be in part explained by differences in metabolic rate, the exact mechanism of this phenomenon is remained to be verified.
From the results obtained in this study, it may be concluded that the rises in the concentrations of IRI and CPR after the intravenous injection of glucose or glucagon are accounted mostly for insulin and Cpeptide, respectively, and that the small amount of PLC is from pancreas into blood circulation concomitantly with the secretion of insulin and C-peptide. In addition, the maximum levels of insulin, C-peptide and PLC in peripheral blood are attained at the different time after the glucose or glucagon injection, presumably because of marked differences in their disappearance times.
